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INTRODUCTION 
To the date o f  remitance of t h i s  Report ( three months a f t e r  i t  has been 
completed), on ly  the images marked on the enclosed coverage maps have 
been received. They amount f o r  32% o f  the day and 27% o f  the n igh t  
images, f o r  the  area and period covered by our pro jec t .  Only 3 day/ 
n i g h t  p a i r s  have been received (Ju ly  7 and 28, September 14, 1980), 
and o f  those only one i s  of good q u a l i t y  and w i t h  few clouds. For 
images gathered i n  1979, only s i x  have been received, o f  4 d i f f e r e n t  
days. 
Or ig ina l  images received from NASA (1 p o s i t i v e  transparency o f  each 
image) show poor contrast,  low dynamic range and h igh  noise. The 
thermal sensor seems very sens i t i ve  t o  fog and haze; clouds and haze 
are abundant i n  the images received. 
The analog data processing has given poor resu l ts ,  given the poor 
q u a l i t y  o f  the o r ig ina l s .  
Thus we've decided t o  process d i g i t a l l y  a l l  data o f  i n te res t ,  according 
t o  the s p e c i f i c  needs o f  each coinvest igator.  
We 've developped rout ines f o r  enhancement, noise reduction, f i l t e r i n g  , 
r e g i s t r a t i o n  (dayln ight  and mu1 ti temporal ) , o f  HCMM data, and have 
studied i t s  s t a t i s t i c a l  propert ies and d i s t r i bu t i ons .  
I t ' s  now when the coinvest igators, mainly app l ica t ions  oriented, may 
s t a r t  the  rea l  HCMM research. But f o r  t h f s  we need: t o  receive data, 
( spec ia l l y  day/night pa i rs )  and extension o f  the p ro jec t  f o r  a t  l e a s t  
6 montils. 
Antonio MartFnez de Aragdn 
HCM-034 Coordinator 
Note: Numbers indicate pass duration 
- Images received, without data over test area 
0 11 11 with 11 11 II (1 
0 t t  11 with bad I.D. number 
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INTERPRETATION OF Ct#¶X TMGERY ON THE ERMAN-I1 SYSTEM 
Jog6 L. Ubrandero  ' 
I n s t i t t f t o  be Edafologla y 8. Vegetal  
INTRODUCTION 
- -. 
The a p p l i c a t i o n s  of  remote sensing from s a t e l l i t e  
d a t a  t o  soil  s t u d i e s  were i n i t i a t e d  i n  Spain i n  t h e  year 
1975; f i r s t  i n  t h e  c e n t r a l  region of S w i n  w i t h  Undsat-2 
da ta ,  then  wi th  p a r t i c u l a r  experiences f o r  pedologlcal  in- 
v e s t i g a t i o n ,  and now using thermal i n f r a r e d  data from Heat 
Capacity Happing Mirsion (HCMM) ratell i te.  
\ 
The HCMM s a t e l l i t e  d a t a  allow t h e  measurement of 
su r face  t a n p e r a t u r e  by means of two channel scanning radio-  
meterr. One mpectral channel covers  t h e  v i s i b l e  and near- 
i n f r a r e d  band (0.5-1.1 micrometers): t h e  o t h e r  channel co- 
ve r s  t h e  thermal in f ra red  band (10.5-12.5 micrometers).  Tha- 
re atmospheric spectra;  windows a l low propagation of both 
r a d i a t i o n s  wi th  t h e  l e a s t  a t t e n u a t i o n  o r  i n t e r f e r e n c e .  En- 
vironmental  f a c t o r o  can produce anomalies on t h e  images and 
t h e  i n t e r p r e t e r  r equ i res  to know t h e  c o n d i t i o n s  under which 
they are obta ined ,  s p e c i a l l y  t h e  thermal imagery. 
Th. -in objective of our mtudy is t h e  evalua t ion  
OF BCMM t h a w 1  data for pedologio~l purporei mapping s o i l  
units supplementary information to soi l  s.tudy and r e l a t i o n *  
s h i p  k t w e e n  geologic Features  and s o i l  development. Authors 
that  have' inves t iga ted  thermal d a t a  i n  o rde r  t o  f a c i l i t a t e  
t h e  i n t e r p r e t a t i o n  of thermal i n f r a r e d  d a t a  recummend t h a t  
it is naoessary to  make measurements of  temperature sirnul- 
- -. 
taneouoly with t h e  f l i g h t s  of  t h e  M W  satellite. 
Our research program r e q u i r e s  ground t r u t h  d a t a  
obtained on barren t a r t  areas a t  t h e  time of t h e  s a t e l l i -  
te  o v e r f l i g h t ;  The s o i l  parameters could n o t  be a c q u i r d  
on t h e  gorund and t h e  i n t e r p r e t a t i o n  and a n a l y s i s  of HCMM 
data have been nmda without ground t r u t h .  
I I *  MATERIALS AND METHODS 
HCMM d a t a  a v a i l a b l e  f o r  our atudy were computer 
compatible t a p e r  of c a l i b r a t e d  and geometr ical ly  correc ted  
da ta .  There d a t a  correspond t o  rccnes covering an are& from 
Madrid t o  Vslencia t h a t  were taken i n  t h e  following dates:  
4 
October 28, 1978. Visible and near i n f r a r e d  
October 28, 1978. Daytime t h e m 1  infrared 
The d i g i t a l  a n a l y r i s  of v i r i b l e  and thermal image- 
r y  ferw HCMM satellite was performed on t h e  interactive sys- 
tom ERMAN-I1 tbt p r w i d e a  gray- leve l  d i s p l a y  om a CRT of 
the dig i t .1  data contained on t h e  HCMM computer compat ible  
Cap88 . 
W e  produced gray- leve l  rubiarrges a t  d i f f e r e n t  
scales with t h e  purpose of  c m p a r i s o n  between r e s u l t s  dm- 
r i v e d  from a n a l y s i s  of HCMM d a t a  and r e fe rence  information 
ruch a s  1 )  roil sap  of Spain a t  scale I : 1 ~ 0 0 0 ~ 0 0 0 ~  2 )  f o r e s -  
t r y  map of Spain a t  scale 1:400.000, and 3) ge01Mic map a t  
rcale lt1.000.000. 
111. INTERPRETATION OF CCT's ON THE ERMAN-I1 SYSTEM 
I n  o r d e r  t o  examine t h e  main p a t t e r n s  of v i s i b l e  
and thermal imagery, i n  t h i s  s tudy  w e  paid a t t e n t i o n  on ly  
to  s p e c i f i c  f e a t u r e s  of t h e  land,  Three t y p i c a l  a s p e c t s  
were used i n  the  p h o t o i n t e r p r e t a t i o n  of the images. These 
were t h e  fol lowing:  S O i l S r  f o r e s t r y  and hydrography. 
S o i l  i n t e r p r e t a t i o n  
I n  r e l a t i o n  w i t h  t h i s  a spec t ,  we can p o i n t  o u t  i n  
t h e  daytirrrc v i s i b l e  image, t h a t  d e l l m i t a t i o n  of phpsiogra- 
phic  roil u n i t s  was very d i f f i c u l t  and i t  was only  possi- 
ble i n  s p e c i f i c  r e g u l a r  i n t e r v a l  a long l i n e s .  
The H C W  d a y t h e  v i s i b l e  image shows in g e n e r a l  
s i m i l a r  c h a r a c t a r i a t i c s  t o  Landsat imager but  p a r t i c u l a r  
d e t a i l s  are b e t t e r  def ined  i n  t h e  l a s t  images because of its 
much g r e a t e r  ground reso lu t ion .  
Oa . the daytime thermal imagery, t h e  so i l s  appear 
warm and present  d i f f e r e n t  shades of  gray. The d i u r n a l  sur-  
f a c e  temperature is a f f e c t e d  by changes i n  l o c a l  s lope  and 
-. 
t h e  topographic e f f e c t s  can produce anomalous cold  spots .  
The most no t i ceab le  f e a t u r e  on t h e  thermal image 
was t h e  d e t e c t i o n  of a s o i l  u n i t  c h a r a c t e r i z e d  by superf i - :  
c i a 1  s t o n e s  and gravel ,  according t o  t h e  s o i l  map. 
Fores t ry  i n t e r p r e t a t i o n  
\ 
Vegetation on t h e  daytime thermal  in f ra red  imags- 
r y  appears  cold with dark tones.  
Two main f o r e s t r y  s p e c i e s  e x i s t i n g  on t h e  s tu -  
dy a r e a  of  our b a s e :  Pinus p i n a s t e r  and Pinus fialepen- 
sis, both highly c o r r e l a t e d  with t h e  mountains r e l i e f .  
The r e l a t i v e  l a r g e  d i f f e r e n c e s  i n  t h e  fores-  
L 
t r y  a r e a  could be caused by d i f f e r e n t  vegeta t ion  i n  con- 
nec t ion  wi th  s o i l  and r e l i e f .  I t  i s  very important t o  
po in t  o u t  t h e  excelent  d iscr iminat ion  barren a r e a s  i n s i -  
I 
de a r e a s  with vegetat ion.  
The information obtained by t h e  v i s i b l e  image for 
t o  f o r e s t r y  i n t e r p r e t a t i o n  is:only useful i n  t h e  ske tching  
o f  forest areas .  The d e l i n e a t i n g  of t h e s e  a r e a s  could in-  . 
troduce some problems due  t o  shadow e f f e c t s .  
Hydrography i n t e r p r e t a t i o n  
From t h e  hydrographic po in t  of v'iew, d e t e c t i o n  of 
IV. PRELIMINARY RESULTS -
hydrographic f e a t u r e s  is very  easy on t h e  imagery when we 
only d i s t i n g u i s h  main r i v e r s ,  dams, laRes and o t h e r  ma- 
j o r  hydrographic c h a r a c t e r i s t i c s .  Generally,  water is less 
r e f l e c t i v e  thah t h e  a d j a c e n t  s o i l s  i n  t h e  v i s i b l e  p o r t i o n  
cf t h e  spectrum and appears  darker  on v i s i b l e  imagery bu t  
sometimes t h e  d e t e c t i o n  p r e s e n t s  se r ious  d i f f i c u l t i e s  i n  
breas with high r e l i e f  and dense f o r e s t .  
The creeks  are e a s i e r  to d i s t i n g u i s h  on t h e  day- 
time thermal infared  imagery thah on v i s i b l e  images mainly 
because inso la t ion  (major source of su r face  hea-) i s  m i -  
nimum and then because t h e  c o n t r a s t  is s t ronger .  
L 
The study has been c a r i e d  ou t  on two HCMM images 
f o r  pedological purpose. The r e s u l t s  presented he re  show 
t h a t  t h e  information obta ined  by v i s i b l e  and daytime t h e r -  
lul i n f r a r e d  imagery is not  an important source ot  d a t a  
- - 
i ; to increase t h e  i den t i f i c a t i on  of s o i l  and t e r r a i n  condi- 
i.. 
t i ons .  The s c a l e  too small and t h e  ground reso lu t ion  t o o  
z :  
I 
s -  
2- poor might be t h e  resposib le  f a c t o r s  of t he se  r e s u l t s .  
Our ana ly s i s  of t h e  HCMM imagery on the in terac-  
t i v e  system ERMW-11 pointed ou t  t h a t  t h e  informatSon pro- 
- -- 
vided was only of l imi ted  usefulness f o r  our  purpose of - 
s o i l  mapping. Resul ts  could proMbly be improved using 
d a t a  w i t h  exce l l en t  qua l i t y  takera along d i f f e r e n t  d a t e s  
of the year. 
PRELIMINARY REPORT 
ON 
DIGITAL TREATMENT OF HCW IMAGERY 
By A.Carcfa 1 
IBM Sc ien t i f i c  Center 
Madrid. Spain. 
t '  ; .' 
DIGITAL PREPROCESSING OF HCMH IMAGERY 
1 
The main ob ject ive  o f  our study i s  t o  develop image processing techniques 
f o r  thermal imqger, in order t o  make avai l ab le  these techniques t o  the 
investigators p a r t i c i p a t i n g  i n  the HCEIH project ,  and t o  supply them wi th 
the best possible material.  
i ' 
= I The f i r s t  task performed, as a previous experimental step, was the developing 
I 
of a method t o  r eg i s te r  the image corresponding t o  the n igh t  pass t o  the one 
~ - -  
- 
corresponding t o  the day 'pass. A1 though the images avai table a t  th f  s time 
- - belong t o  passes o f  d i f f e r e n t  dates, they meet the requirements f o r  our - -. 
purposes. So, taking on account the previous experience i n  the processing 
- - 
o f  Landsat imagery, a rough ro ta t ion  f o r  the angular d i f ference tha t  separates 
- - 
both day and n ight  passes, which i s  about 11.5 degrees, was made. Then, a set 
- - 
= 
o f  some 6 t o  8 po in ts  eas i l y  i d e n t i f i a b l e  i n  both images was selected, i n  
- order t o  get an approximate transformation, which made possible, i n  turn, 
- = t o  determine another set  o f  72 po in ts  around which windows were taken i n  
4 \ 
both images and, by means o f  co r re la t ion  methods, the exact locat ion of 
- ,  
- - 
komologous points was stated. A t  t h t s  time, a program was used, which 
calculates the coe f f i c ien ts  o f  a po!ynomial o f  the desired degree, as wel l  
= .  as the goodness o f  f i t  o f  t h i s  polynomial on the points supplied. @y i t e r a t i v e  
appl icat ion o f  t h i s  program, a f t e r  discarding each time the points which 
= ,  
present the greatest dev ia t ion from the errors estimated by the program, the 
f i t  obtained was considered good enough, and the polynomial corresponding t o  
the las t  i t e r a t i o n  was used t o  perform the reg is t ra t ion  o f  the thermal 
inf rared nigh image t o  the reference one ( v i s i b l e  channel). 
This process was performed twice, t r y i n g  f i r s t  and second degree polynomials, 
respectively. When the resu l ts  were displayed on a co lor  T.V. monitor, i t  was 
observed that  the second degree polynomial provided a qu i te  sa t i s fac to ry  
reg is t ra t ion  o f  both images, whi le  the f i r s t  degree showed a l i t t l e  
disagreement, as can be seen i n  Fig. 2. 
A l l  that  made, the fo l lowing step was t o  magnify the HCMM images by d i f f e ren t  
factos i n  order t o  provide t o  the invest igators more deta i led images which 
could contr ibute t o  a be t te r  in terpreta t ion.  The resul ts are showed i n  
Fig. 3. This step was performed by mean o f  a cubic convolution resampling 
method, which shows a s i gn i f i can t  improvement i n  the qua l i t y  o f  the image 
magnified, i n  comparison t o  the same ones obtained by simply dup l ica t ing 
- -. 
g the pixel ,  as can be seen i n  Fig. 4. 
CONCLUS l ONS 
A1 though these resul ts  are not def i n i  t ive  unt i 1 day/n ight  images from the 
same date can be avai lable, the image t o  image reg is t ra t ion  process appears 
qu i te  sat is fac tory  and i t  i s  expected that, i n  a near future, the f i n a l  
products w i l l  be completely adequate f o r  the purposes o f  the project .  
E 
Fig. 1 .- Registration of HCMEI day/night tlic~rmal 
infrared images. Magnification:-3. 
As pointed in text, the day and night 
images do not correspond to the same 
(a: 
Fig. 2.- Registration of HCIPl daylnight thermal infrared images. Magnification: 1. 
(a).-  First desree polynomial transformation. 
(b) . - Second dezree. 
Cursor points to a reservoir, in which the different fits obtained by both 
transformations can be clearly noted. 
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Fig. 3.- Image enlargement by cubic convolution resampling method. 
(a) Original (no resampling) 
(b) Magnification: 2 
(c) Magni f i c a t  icn: 4 
ORIGXI . .  , iS 
OF POOR QUAI,ITY 
Fig. 4.- Image enlargement. Magnification: 6. 
(a) Cubic convolution resampling. 
(b) Pixel duplication in ER?lAN-11 syslem. 
USE OF HCI4fd SATELLITE IMAGERY 
- i 
Fernando tdpez de Sagredo 
Serv ic fo de Fotogrametrfa y Foto interpretac i6n 
Universidad Pol i tgcn ica .  Madrid. 
BACKGROUND 
We have spoken i n  our l a s t  repport  about the poss lb i l  i t y  o f  preparing 
thematic cartography by means oh HC!t!I imagery together w i t h  in format ion 
from other  documents and ground t ru th .  
Besides, we th ink  one o f  the a b i l i t i e s  o f  HCII1Y sensor i s  i t s  s e n s i b i l i t y  
t o  temperature v a r i a t i o n  w i t h  height  changes and t o  the slopes or ien ted  
t o  the !4orth and South. 
NEXT PURPOSE 
The p r i n c i p a l  formative condi t fons  o f  so l  1 c l  imate are: 
1) Atmospheric c l imate  
2 )  So i l  
3) P lant  cover and o ther  coverings 
4)  Man's econoqic a c t i v i t y  
5 )  Re1 i e f  and s l  ope-exposure 
6) Water t a b l e  and l e v e l  o f  surface waters 
7)  V i c i n i t y  o f  r i v e r s ,  bodies o f  water, i r r i g a t i o n  
and drainage systems. 
8) Nature o f  parent rock 
9) Geological s t ruc tu re  
10) A1 t i  tude above sea 1 eve1 . 
Erosion and s o i l  temperature are  connected due t o  re!ation between 
t e r r a i n  slope and p lan t  cover and erosion. 
I n  the  same way, s i t e s  w i t h  p l a n t  cover r e t a i n  more water than others 
wi thout  vegetation. 
Likewise, as sa id  above, s o i l  temperature and s o i l  water a re  re lated.  
I n  shor t  we can say there i s  a great  connection between s o i l  eros ion 
an4 s o i l  temperature. 
There i s  no adequate s o i l  eros ion cartography a t  small scale o f  our  
country and i t  would be very i n t e r e s t i n g  t o  make. I n  a f i r s t  approxima- 
t ion,  a general framework o f  s o i l  erosion from HC!H imagery, 
This i s  the  work we have f i x e d  and we are t r y i n g  t o  get i t  a t  t h i s  very 
moment . 
METHODOLOGY . 
The I n s t i  t u t o  Geogrdf i c o  Nacional was rsked f o r  HCMM imagery, sho iced 
according t o  qua1 i ty  observed i n  process1 ng, 4 *+> 
CI 
That imagery i s  
26th sept ./Day-Vis 
I( ',/Day-IR 
30th sept./Night-IR 
28th o c t  ./Day-Vis 
It /Day- I R 
9 th  decem. /Day-Vis 
I( /Day-IR 
This imagery is 1/2.000,000 scale in order to facilitate work. 
Several reasons have 1 imited the disponibil ity of the whole Imagery 
and the work has been made on a portion. 
The used methosd for maklng what we intend be a first plan of a soil 
erosion map is to compare HCN information with data from slopes, soils, 
crops and geological maps and pluviometric and temperature data from 
different climatic stations on the area under investigation. 
Besides, in order to extend the information from HCMf4 imagery we intend 
to use a densitometer, whose use has not been possible till the moment. 
Result of this work will be published at 1/1.000.:; 10 scale. 
Ram611 B s n t Q e t  Qe Cast ro* 
1 MTROBUCT ION 
Radfometric enhance~ent o f  HCMf4 images leads t o  acceptable t-esulbs when 
t r y i r l g  t o  perform a v isual  arlalysis o f  tha t  i ~ ~ z i ~ j e r y ,  but ,  because of 
the presence o f  a band c o ~ ~ t a i t i i n g  in format ion i n  the ther-,~~al i n f r a r e d  
portion o f  the spectrum and due t o  the poor experience i n  the i n te rpre-  
t a t i o n  o f  such information, i t  was considered convenient t o  p c r f o m  
the analys is  i n  a n u ~ i ~ c r i c a l  way. 
Pat te rn  r r ~ c o y n i t i o n  techniqiles a p p l i e d  t o  ti\? biditner~sional data space, 
w i l l  enable t o  ob ta in  natura l  grouping o f  p i x e l s  (classcs), each class 
rsyr r5cntcd  by a s t a t i s t i c a l  d i s t r i b u t i o n  def ined by c e r t a i n  parnr~r te rs  
(rnean and eovar i~ r i cc  m a t r i x ) .  
* \fork pcrformece uncicr contract  with 
Institute Seoyrdficn flacional. Y a d r i d .  
DLSCHIPTIQN QF THE kOiIK, 
The p rcscn t  work was performed usjng ).R:ZAIi I 1  iindgc ;)roccssing system 
from UAM-IBY Center. 
I n  o rder  t o  pc r fo rm a nu!tiorical analysis o f  t hc  d3ta r e t ,  i t  was 
considered convenient t o  o b t a i n  s c a t t e r  diagrams of  ttruse data f o r  
t h e  s tudy araas as i t  i s  sho.,n i n  f igure  ( 1 ) .  f 1 i t . s ~  d i a g t - i i ~ t : ~  g i v e  a  
p r i o r f  knowledge o f  cvery  possible d i s t r i b u t i o n  o f  i t i f f  r e s t  w i t h i n  
t h e  se lec ted  area. 
A f u r t h e r  a p p l i c a t i o n  o f  a c l u s t e r i n 9  a l yo r i t h i n  t o  t he  area enables 
t o  observe the d i s t r i b u t i o n  o f  t h e  d i f f e r e r l t  c p c c t r a l  classes i n  the 
d a t a  t idio, i . t isional space. A f i r s t  i n \ p t * c t i on  o f  the (i,,ta shows seve ra l  
h i g h l y  p a p ~ ~ l a t e d  arcas that  w i l l  corrcs;~ond t o  a  ) ) a r t i c u l a r  n a t u r a l  
phcnornena prcacnt  a t  the secene. 
A t  the  same tirne i t  was cons id r r cd  i n t e r e s t i n g  t o  krlow the  sp i * c t r a l  
c h a r a c t e r i s t i c s  of c e r t a i n  na tu ra l  features a s  c l o u t s  and haze and 
t h e i r  poss ib l e  i n f l u e n c e  i n  image ana lys is .  Several f i e l d s  w i t h i n  the  
selected images were chosen, a11 o f  them d ~ s o c i a t c d  t o  known n a t u r a l  
features. Among them, c louds and haze have l c c n  chosen t o  show i n  t h i s  
repor t .  

I n  t h e  i n f r a r e d  band, r a d i a t i o n  a r r i v i n g  t o  t he  sensor i s  a f u n c t i o n  
o f  t h e  temperature o f  c l  uds'upper layers ,  being t h i s  temperature a 
f u n c t i o n  o f  c l ouds ' a l  t i  tude. Sulnmarizing, c louds w i l l  be e a s i l y  
i d e n t i f i a b l e ,  s p e c t r a l l y  t a l k i n g ,  by t h e  f o l l o w i n g  c h a r a c t e r i s t i c s .  
a) Mean value i s  gene ra l l y  low i n  t h e  IR  and h i gh  i n  t he  , i s i b l e .  
b) H igh  standard d e v i a t i o n  i n  bo th  bands. 
c )  The c o r r e l a t i o n  c o e f f i c i e n t s  between bands i s  negat ive.  
The former conclusions a r e  shown (2,4,5). 
Summarizing again c louds c h a r a c t e r i s t i c s  cGn e f f e c t  i n  a nega t i ve  way 
t o  rad iomet r i c  co r rec t i ons  o f  images because o f  the  broadness o f  
c louds'histograms. These histograms occupy a very  broad reg ion  w i t h i n  
t h e  dihamic range o f  an image. 
CLUSTER ANALYSIS. 
For t h e  purpose o f  t h i s  job, a c l u s t e r i n g  a l go r i t hm  conta ined i n  t he  
ERMAN I 1  image processing package was used. Th is  a lgor i t5 rn  i s  a  
m o d i f i c a t i o n  f rom t h e  ISODATA o f  B a l l  and H a l l  (1967). The a l go r i t hm  
i s  governed by two rou t i nes  termed "SPLIT" and "COMBINE". 
The r o u t i n e  "SPLIT" d i v i d e  every c l a s s  w i t h  standard d e v i a t i o n  h igher  
than a  thresh015 "SDiMX" ( s p e c i f i e d  by t he  user )  i n  any channel. 
The rout i tv :  "COMBINEtt merges two c lasses i f  t h e i r  d i s tance  i s  lower 
than a  th resho ld  a l s o  s p e c i f i e d  by t h e  user.  
Two d i f f e r e n t  ways were fo l lowed i n  o rde r  t o  i n i t i a l  i z e  t h e  c l u s t e r .  
I n  the f i r s t  way t h e  o v e r a l l  d i s t r i b u t i o n  t h a t  represcnts  t he  zone t o  
c l u s t e r  i s  considered as an i n i t i a l  c l ass .  Th is  c l ass  i s  success ive ly  
sp l  i t e d  i n  f u r t h e r  i t e r a c t i o n s ,  by mean o f  the  s p l i t  rou t ine ,  up t o  
an s p e c i f i e d  maximum number o f  c l u s t e r s .  
Because o f  the large number of parameters that the user has to specify 
and considering the unknowledge of these parameters for this  kind o f  
data, a second option has teen used. This option minimizes the influence 
o f  these parameters. 
In  t h i s  second method, in i t ia l  cluster centers are fixed t o  a number 
t h a t  matchs the maximum number of cluster specified t o  the clustering 
algorithm, with this  option, an inhibition of the s p l i t  routine i s  hoped. 
The in i t i a l  cluster centers are chosen to be uniforrnely distributed 
along the diagonal of a rectangle with coordinates f a on each axis. 
This diagonal matchs approximately the principal component of the 
distribution. The diagonal will be fixed by the distribution of the 
data in the sampling space as shown by the scatter diagram (figure 1) 
Further i teractions perform a migration of the cluster centers until 
an estabilization in cluster evolution i s  reached. In both cases the 
"COMBINE" routine has been used. 
----. 
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V P  = second pri,icipal com?onent 
Character 
I 1 1 0 - 100 p ixe ls  
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, Fig.  1.- Scatter diagram of study area ( loca ted  between lines 700 t o  923, 
3 '- 
.**. 
and  p i x e l s  899 t o  1094 of image A 0190-13090). 
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' ' OF POOR QLT.41,l~y 
Fig.  2: Locat ion,  histograms and s t a t i s t i c a l  parameters o f  ANUBIS. 
Fig.  3: Locat ion,  histograms and s t a t i s t i c a l  parameters of CAMP 1 . 
P h o t o g r a p h  1 : v i s i  b l  e band of i r~iar je A0036-13440. Ak!U!31 S and C,?il" lbelonq 
t o  t h i s  image. 
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Pi,ologt-nph 2 :  colot.  cca  ; o q i  t c  o f  i lir 7t1i[fy r t - r a  ( l o .  7'r.d ! . o t ~  on 1 i t i p s  i o 7  
t o  9 7 3 ,  a n d  p ixe ls  229 t o  1094 o f  inage AOlll-12099).  ( V i s i b l e  g:een, iR r ~ d ) .  
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b a t -  
.IS. 
I?*. Fi!:. 5 :  Cluster 
I t  1  i t  Ill 1 1 8 %  1 1 i t t 9 * 0  8 
ccntcrs 01 t a i ncd  photog rapt) 
Photograph 3: C lus te r  map o f  the  s tudy area obta ined w i t h  " s e l f  generat ing 
vectors"  o p t i o n  and niaxcrnum nuniber o f  c l u s t e r s  = 12. 
Fiq.  6: tlcan and standard d e v i a t i o n  o f  s i x  c lasses represented i n  photograph 3. 
C H A N N E L  1 C H A N N E L  2 COLOR 
CLASS 1 24.83 2.69 79.79 3.06 CLUE 
CLASS 2 15.76 3.06 67.10 3.28 Gf EEN 
CLASS 3 19.15 2.30 74.07 2.77 t.1AGENTP 
CLASS 4 5.98 1.95 62.15 1.05 . .  RED 
CLASS 5 56.84 18.21 46.40 9.04 CYAN 
CLASS 6 5.88 1.78 64.20 0.75 YELLOW 
OR'IGm AT, I'.l(; 1,) IS 
OF Pool: (41; \ I  ' . 
I Photograph 4:  Cluster  111ap of the 
s t t ~ d y  area obtainrd with "cxtcrnal 
vrctors"  opt ion,  s k i p  f ac to r  2 
and ~naxirnum nulribcr of c l u s t c r s  * 15 
ORIGINAL PAGE I$ 
Or POOR 0'"' " 
Photograph 5: C las s i f i ca t ion  map 
o f  thc study area using maximum 
- -* 
1 ikclyhood c l a s s i  f i e r .  Same c l  asscs  
as  i n  photograph 4. 
Fig. I .  Mean and standard deviation o f  eleven classes represented i n  
photograph 4. 
C H A N N E L  1 





































The c lus ter ing algori thm has been applied t o  several areas located 
i n  several images. 
Some o f  the resu l t s  are shown i n  figures 4 through 7. Tables showing 
mean and standard deviat ion f o r  each channel are shown f o r  the resul-  
t i n g  classes. 
CONCLUSIONS. 
3 No important conclusions have been reached a t  the present s ta te  o f  
t h i s  work. Perhaps the on ly  one could be the negative inf luence o f  clouds 1 
. 
and haze i n  the analyst r process. % 
By f s l  lowing t h i s  research, we hope t o  present deff i n i  t i v e  conclusions 
' i n  the next report. 
